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(54) Methodand apparatus for improving capacity in a radio commurucatipns system 

:(57) A method of improving capacity in a duplexing s . v ; . , v - r ■:- * : : ■ 

scheme is provided. The duplexing scherrjehas a first 

band;of frequencies and a second band of frequencies. 

The method comprises the steps of: determining an 
j vampunt of available capacity^ on the first band of fre- 
quencies .(steps 402, 404, 41>0),£ra^srattiag t pn thefirst 
..band cof frequencies, a variable amount- of ( feedback 
- datacorrefepdndihg to the amount of available capacity 

on the first band of frequencies, the feedback data com- 
prising data for improving the qualify of communications 

on r tKe second* band of frequencies, arid optimising 

(steps 406, 408.,' 4 12; 414) fransmisdohs on the second 

Band of frjequehcies usirig, when available, the feedback 
' daia. " " ' .... . 
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Description ^ u ^ .;<•:.,.> v < t ... - % . 

Field of th e I nvention * * ■ ; : . • 

[0001 J s "Trie present invention relates to, radio .commu- . 
nication systsms- in particular systems employing a.Fre--,,; 
quency Division Duplex (EDD)- scheme of frequency- 
allocation;; for ^example, a Global System for Iv&bil&v 
Communication (GSM) cr a UoiversaKMcbile Telesom- 
munications System (.UMTS). .■ ~ •>-. 

Background of the Invention . : 

[0002] , ;: In an^FDD scheme, an first frequency bandis 
allocated fpr^ : up) ink communications and a- second fre- 
quency band is allocated f?r downlink communications 
bejtween, for s example, a, mobile terminal and a fixed ter ; ^ 
mi nal, such as a base station: ^ - >. 

[0003] A Jiode Division Multiple Access (CDMA) sys; 
tern, operating in the FDD soheme.-sucri as Wideband- 
CDMA 0 a&;has been proposed for UMT5 has a limited, 
capacity. The capacity is li raited by interference. There- 
fore,, as the system loading (the number of subscribers 
using the, system) increasesr thej, level .of interference in 
the systern^ncreases, thereby limiting the capacity of, 
the system.- , r , - M ; , . , . , .... ........ . 

[0004]-, It is therefore desirable to increase the capacity 
of a telecommunications system, such as a Wideband-- 
CQMA system, operating- urider the ; FDD scheme ip/ 
order to accommodate an increase-in the demand, for 
loading_thetelecom v . 
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[0005] .According to afirst aspect qf the present inven- 
tion, there is provided a ; method of improving capacity in 
a duplexing ^scheme, fhe duplexing scheme having a 
first band ©^frequencies and a second band of frequen- 
cies, Jhe. method comprising the steps^of: determining 
an amount of available capacity on the first band of fre- 
quencies, transmitting, on theiirst band of frequencies, ; 
a yariable.jampunt of feedback data corresponding to 
the amount of available capacity; on Ihe first bandof frer 
quencies,: the., feedback , data- .comprising; data for 
improving the quality. of communications or* the, second 
band. of frequencies, and v optimifjng transmissiono on 
the .second band of frequencies using i; >yheri available,-; 
the feedback idata. v ; < ■ y ., t .. ^ v,,/^. . ' . \'.«;y 
[0006] - According tpva sepond aspect of: the present 
invention, there is provided an apparatus for improving, 
capacity.in a duplexing sGheme, the duplexing scheme 
having a first band of frequencies and a second band of 
frequencies^ comprising- means v for, determining an 
amount of available capacity on the; first band of fre- 
quencies, means for, transmitting, on the first band of,, 
frequencies, a friable amount. of feedback data corre- 
sponding to the amount of available capacity on the first 
b^nd of frequencies, the feedback data comprising 6a\c. 
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for improving. the quality of communications on the sec- 
ond band of frequencies, and means for optimising 
transmissions on the second band of frequencies using, 
when available, the feedback data. . . , :; . . 
[0007] According to a third aspect of the present 
invention, there, is provided a -method, of' optimising 
transmit diversity, in an antenna array,, the antenna^arcay 
comprising a plurality of antennas, the method compris- 
ing:. ^selecting ,a r predetermined number of. antennas., 
from the plurality of antennas, and setting the phase of 
each of the predetermined number ; of antennas in 
response to feedback data received from a terminal 
arranged, to ; receive, transmissions from the. antenna y 
array. ... :> . . ' ; ' . : . >: 

[0008]- . Other, preferred, features and advantages,; are 
set forth jin and will, become apparent from the aqcom- 
panying description and dependent claims 2, to 11 and 

[0009] By v using .spare capacity available^ the uplink 
band of frequencies to.transmit feedback data, it is pos- t . 
sible to optimise downlink communications to .reduce 
interference in the downlink, band of . frequencies,. .. 
thereby increasing. downlink capacity. - , Sii 
[001 0] Such, a technique js particularly useful in situa- 
; tions of asymmetnc system loading, for example, where 
the loading on thie downlink is, ; greater than, on .pie 
upljnK. $uch loading rnay occur, in locations where slow . 
moving subscribers..ex;st, such.af, in mjcrocells and.pic-r,- 

OCellS. ; . ■ - v.v -/ , " • , .... .!y- r Y - 

[0011] At least one example of the pres§nt : inventiGp , 
will, now be described, by ; way of example, .with referr ; 
ence to the accompany irig . d rawi ngs, i n wh ich = : ? r i 

Br ief D es cription of the Drawings -, . v r: . . , , 

' [ow^; yiz ■ ' rv ■ , ^ - !' > -U," ^, 

tj . FIQ., f 1 - is a^chematic illustration of a communica- 
• iions system; - T u ?; . r . ; . . ?h; 

.,, -FIG. 2 is a schematic illustration of a base station ; ■ 
: constituting an embodiment pf Ihe invention; ^- . 0 

FIG. 3 is a schematic iliustration qf a terminal con- , 
; y , stituting an embodim ent: of the i nvention ; rt r r 

>FIS%,4 is. a flow diagram inustrating.operation of ;the^ 
apparatus of . FIG.-2; . , v? : > ^.^ . , , , /r%A . } ... -> .[ 

FIG. 5 is a flow diagram HI ^^ratlng jnteracj^on of tne ( ( 
' terminal with the apparatus cf FIG. } 2;^. , c; r i . 

:. : n . . 'I'M'- i .f ^ v ' • '-sr. t ni;rr.--.v^ 
FIG. 6 is a flow diagram illustrating operjatiqn .of, the 

base .station constituting another -embodiment gf . 

;v the invention;. .. . : - r 

FIG. 7 is a flow diagram of a functipnat p\qck of FIG, ^ 

v-<6,--and ir .,r}.^ „ -. r . -.. ^- .n .= • ~< -*-" r f r ■ 
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' FIG. 8 is a flow diagram of another functional block also has a third output 238, a fourth output 2&o4nti a 
•of FIG; 6. 1 '' y 5 ; ; - • ' ' ' : fifth output 242. The third output 238, fourth output 240 
- ?•'.> v> ■ / *io ^ anc j fjfth 0U tp U t 242 are respectively;cdupledrfci k first :: 
Description of a Preferred Embodiment' " ' r ' R a di ° Frequency (RF) unit 244, a second RF unit 246 
. ... , 5 ! and-a-thirdRF- unit 248. -The first, secohd : and third <RF 
[0013] 'A Wideb'Sricl-CDMA system 100 (FIG. 1) com- "- units 244; 246, 248 convert input signals into racdio^f re- 
prises abasfe^station 1*02 and a plurality of other base Vl quency. signals according 'to .'any method known in the|% 
stations 104 providing a coverage area 106. The base art. The 'first second andth'ird RF units 244/ 246/248- 
station 102 iscapableLof cdmmuriicatingwith a mobile ! are respectively coupled to a first antenna 250i* a secf-'' 
terminal lOSvWaVadid^requency'interface-flO. Other ■ w -'• ond antenna 252 and a third antenna 254. The-ffrst sec- ' 
mobile terminals^ 12cari be present in the coverage"- ond and third antenna 250, 252, 254 form an antenna 
area 106. 1 ^ * *. - *' : . array. J . 'V *'\ , :"■*■* 
[00i4f " The base station 1 02 (FIG. 2} comprises a h [0020] The antenna weighting and selection unit 208 ^ 
transmit diversity processor 206 and an antenna s comprises a first weighting and delay' network 256 /a; 
weighting and selection unit 268. The functionality of the : is second weighting and delay " nretwo'rk 258, anci a ; third ' 
transmit r diversity processor 206 and ^art antenha CJ weighting and delay network 260. K • * : ' ; * ^- ' 
weighting and selection unit 208 are both* embodied by-' [00S1 ] 1 The first weighting and delay n£tw6rk 256 coriv r> 
a microprocessor (not shown) of the base station 102. ; ' ' prises a first mixing unit 262? a second mixing unit 264 
[0015] The transmit diversity processor 206 has a fitet v and a' third mixing unit 266, each of which are coupled'' 
input 210 to receive a signal indicative of the 'quality bf • 20 to the fourth iripuf 226. The first; second and'triir'd rnix : 
signals received at the base station 200, a serond input' ing units 262, 264, 266 are respectively coupled to* 'a 1 
21 2 c to receive' a confirmation' of f 'an optimisation "scheme first cfelay unit 268, v a seconcf delay unit 270, and a ifhird' 
to be employed (described in rriore detait hereinafter), delay unit 272. The first, second ihd third mixrhg units 1 : 
and a third "rfifbut 2 14- to ;f receive feedback 'data. The J ' 262, 264, -266 have ; a respective first weight Input* w^ ;■ 
transmit' diversity processor 206 also has a first output* J 25 ' a Second weight input w 1 2 , and a third weight input 3 " 
216 for transmitting weight dhtf delky {w. d)-data to the for applying weight data for the first, second and third " 
antenna weighting and selectidh unit 208 and a second^ antennas 250; 252, 254 relating to the data of 'the first" 
output : 2i8 W trafism user. ' " ^ ! : /; - r ]~ * " : *" AVi '■■ l * ' tjr ■ ^ 
information to the mobile terminal 108 and the other [0022J r -The se<X)nd werghtrng^arid delay hetwbrk 258 • 
mobile terminals 112. ' ' 1 ^ /r - *' 30 " cornpfises a first^mixing unit 274, a second mixing .unit : 
[001 6] The ' trartsmif diversity proSfessdW 206 corn- vV 276 and a third mixing unit 278, -each of which are cou- 
prises an uplinkcjuality unit 220 coupledtoth'e first input ^ pled to the fifth input 228. The first, second and third 
210 and a scheme selection unit 222, the scheme mixing units 274, 276, 278 are respectively couplet" -tea 
selection unit 222 being coupl&j to -the ^is&cdnti-mpiut - f irst delay unit 280, a second delay unit 282, and a third 
212 and the second output 218. The scheme selection 35 rt delay unit 284. The first second and third mixing units 1 
unit 222 is coupled to a derivation unit 224. The derived ' ? 274/ 276, 278 have a 1 respective first weight input w 21 , 
tion unit 224 is coupled to the third input 214 and the a second weight input w 2 ; 2 , and a third weight inptit'w 2 ; 3 
f ir&"output *21 6: The derivation* unit* 224- ; dferives 1 the for' applying weight data for the first; second and third 
weights and delays (w, d) from the feedback data aritennas 250, 252, 254 relating to the-data of the sec- 
received at the third input 214. 40- • ond user. . . ■ s . . . 
[0017] The feedback data includes data relating to the [0023]' The third weighting arid delay network 260 
performance of trie slgnals'trarismitt^j, in particular, on comprises a first mixing unit 286, a second mixing unit 
the downlink, and/or data which the mobile terminal 108 288 and a third : mixing unff 290 r each of which are cou- r 
uses to instruct /trie* bSse sM6n irj'2 as to the weights plfecl td tHe sixth ihptit 230* The L firs;t, "second and third' 
and delays to ajDpiy witrtin th^antema" weighting and 45 * m'Wirig 2887290 are respectively coupled tb a 
selection unit 208. ' f irsf d^lSy T urirt ; S92,' a" second delay unit 294, l ahd a'third 
[0OT8] 'The arrtenna witghtihg and selection uriit ; 208 dela/unit ^OB.^The fir^it, seeond and third mixing-uhits" 
has a fourth input 226 coupled to a first spreading and 286. 288. 290 have a respective first weight input W N ^; 
modulation unit 232, the first spreading and modulation a second weight input w N 2 i< and a third weight' inpui: 
unfF^S^ tfeincr cs^ble 1 of ' spreading and : modulating so for applying weigrft- data ^for the first; second and 
data to be transriiitted to ^ J f Irst^ ^liiser^'The antenna thi^ld antennas '250, '252, 254' relating" tb the 'd^tajof the 
weighting and selection unit 208 has a fifth input 228 N th user. ' - t: ^ . : . ; ,^ »/:- 
aftd f aii 'N m 4hput 2^0, J e&dr\ T^pectlveiy coupled to a [0024] The first d6lay units 268, 280, 29,2 are coupled 
second arid an 'N^'spr^ding Srid modul^idh unit'*234, to a first ^rrimitiorH unit . 297 in Qft^er to sum all 
236. Similarly, the second and third spreading -and mod- sb c weighted' and delayed* signals Intended for the first 
ulation units 2:34, 236 spread and modulate data from a antenna 2Sfe,' the : f irst summation unit 297 being cou- 
setohd userand an N^^usef, respectively. - : c ; pied to the* third output 238-. : t )•*>■ ! 
[001 9] The antenna weighting and selection unit 208 [0025] The second delay ur,rts 270/282, 294 are cdu- 




EP (T9iB€r^5 :T Ai 



pled \6r ! si 'sdcond' summation unit 298 ihorder to sum all" 
weigKfed-ahvj ; diiay^'sigrials^ intended for the Second >;: 
antenna 252, the* second summation unit- 29~8 being 
coupied^o the fourth output 240. - ^ ? ^ ' 
[0026]- ThVthirci delay units 272', 284/296 Wre coupled 5 
to arr N 1 * 1 summation unit 299 in order to"" sum'" all- 
weighted- and delayed signals intended' for the third ' 
antenna 254, the Kl th summation uriif299 being 'coupled' 1 
tothefiftfi i ioi4Dut242. ' : 1 - M - ^ ; c ' : '' ■ 

[0027] A The mobile'termihal *i0'8*'(FIG. 3) ; comprises ah v 10" 
antenna 300 cduplbd to ah RPiinit 3o£;The FtF unit 302: ' 
carries but all the r^dioWrecfuency related tasks known 
in the art, for example modulation and frequency con- r: 
version: The RF Unit 302 is coupled to a microprocessor 
304, the microprobessof > 304 being coupled to a 'mem- is' 
ory 306. The functionality'bf the "invention' can be incor- 
porated into the microprocessor '304: \ A - r:i 
[0023] ; Gperaiiqrvof the above apparatus wi I In ow be 
described. 1 J ' ' r * - ' r ' 1 
[0029] r the basd station : v62 commuriic^t^- with the 20 "■• 
mobile' term; rial 'l OS over a frequency' range; Theatre-'' 
quency rahge Is divided ihto a first, uplink, band of^fre- ' 
quencies f UL ' arid a' ' second , downlink!" band ^ of - 
frequencies F^'l in accordance With ah *FDD scheme 
known i n the art. H bhce \ trie : upl ink band of f requehci es 25 
f UL are Used fbr uplir^ transmissions from the 3 mobile ; 
terminal 108 to the ba^e stati6n r 'i 02. whilst the downlink 
band of frequencies foC are user! for dc^hlinktfansrhis- 
sidhs from thebaSe Station 102 td'the mobile terminal 
108:-' ' ^ r c ty c - 1 '- "> 3a 
[0030] A first, setdnd.'thirdi'lfodrth and fifth opti'misa 1 : 
tibn scHeme S-i , ; §2; ' S3; S4, S5 rs stored in a memdry 
(nbt f £hbwn) in the base station^ 00. The first, second, 
third ; fourth and fifth opti misatidh schemes ' S 1 ; S 2 , S^- 
S4, S 5 each have a respective first, second, third, fourth 35- 
and f irih capacity values Associated therewith. Thefirst, 
second, third, fourth and fifth cabacixy values relate to 
the ,; afnount*of Capacity required by the first, second/ 
third* fourth and fhfth optimisation schemes S 1( S 2 , S 3 r 
S 4 ,' S5 in order to transmit feedback data to the base <td 
station 102 oh the uplink bahd-bf ; fr^ufencies ; foL- Tn ^ 
amount of capacity required by e&chbf the first, second, 
third, fourth and fifth optimisation schemes Sy/S;?, S3" 
S 4 ; S5 vanes oh a' incremental b£§is, th^Yrrsf dptimisa 1 
tibh scheme Sv requiring' this i east ' ckpsibify, - whilst the 45 
fifth optimisation scheme S5, requiring trre%i6St capac- 1 
ily bh *he uplink band of- frequencies,' i.^r capacity 
(S"f)'< : capacrty(S2)<^ ../<cSpacity(S5): This ■ is hot an 
e4sent^requir^6ht: r /:! ^ — - •'<■-' *" - 
[0031] 'Examples of the optimisation scheme are s as so 
follOW^f :c * ;'" -• t '-^ ' 7 " : ; J : 
[0032] ;r T7iefirst optimisation ^^ 
bS'sed In su£h ah optimisation scherne, each of the 
first, second ancT third ante «\as 250,^252, 254 transmit 
at the saml power. However; ihe^DMA code is pro- ss 
vjided with a time offset; \ r r 9 
[0633] Jh'the second optimisation scheme, S 2 , of the 
first/ sei^oha and tfiird antennas 250; c 252. 254, a single 



antenna is selected which correspb;xis to the best total 
power received at the mobile terminal 108. ^ 5 
[0034] In the thii'd optimisation schem^^Sg, twd'of the 
best performing antennas ""from ihe- firfet; second and 
third antennas 250, 252, 254 ate selected, i.e. the two 
antennas responsible forthe best total power -received 
at the mobil^ terminal 108. The "phase of the twd be'st - 
performing antennas is adjusted to reduce the error rate 
orr the downlink band of frequencieS' ! f D [} ' • 
[0035] ' The fourth optimisation scheme, 04, similar to : 
the third optimisation- schieme S^ However/ botK the 
gain and the phase of the two best porforrning antennas is 
are adjusted to reduce- the 'error rate "ori^the -dowhlirVk ' 
band of frecfuehcies i$\y ■ ■ * *" - ' - l : 

[0036] : The fifths optimisation scheme comprises 
adjusting 'the gain and phase of all the antennas 1 in the 
antenna array m 1 order to maximise output. - '>■ 
[0037] Although the above opt: misatioh schemes have : 
been described i n ; r elation < to the first/ second, and third ' 
antenna^ 250, 252/254, the : cptimisation schemes are^ 
not- ,f limited to 1 arf -arrays of ■ three antennas and the 
antenna array can comprise?greater number of ariteh^ 
nas. Similarly, more than two best performing antennas-- 
can be selected for the above diescribed optimisation 
schemes. The best perforthihg antennas can be identi- 
fied^ by/ for example, using unique training f bits fb identify j 
each antenna: 1 - s ~ ; v ^ ■•■ - 

[0038] An lower threshold is predetermined and is- 
an errbrrate which corresponds to a maximum amount . 
of"capacity : available cn uplink band of frequencies 1 
fgL at a given time. A upper threshold T 2 - is predeter- 
mined and is ah ; errbr rate which corresponds to a mini- ? 
mum amottrit'bf capacity available on tho uplink band of 
frequencies^uf at a ; givervtime. >• ' ^' - 
[0039] ' Referring tS FIG; 4, when the base" station 102 ' 
islnitialEseo/ : the' selection un1r222 sets a variable^ U 
value "1" indicating that the first optimisation scheme is j 
to be employed -initiaHy The v4lue of the variable U is * 
broadcast (step"'4C0) to r the mobile terminal 108 so that' 
the mobile terminal 108 -knows which ' optimisation' 
scheme to implemerit-lf^the other mobile terminals H 12" 
intend cbrnmuhicatihg with the base Station r t 02 /they 
wiH also receive tiie variable U. ■/> "" ' - : - 1 = J 
[0040] The uplink quality uhit 2^0 estimated (step 402> 
the errdf rate p of communications on the uplink bdndi of 
frequenciesf ul by meeins of any technique khdwh in the^ 
art, fof'example -bit error ratfe, word -error rate ^MrarVfe 
error raid methods. The error yatfe p^is a quality measure 
which corresponds to the capacity -available -brf'thS^ 
uplinkbandof frecjuencies f UL .i 1 " : r^^'OJ 
[0041 ] The Aiplihk^quaiity »unrt 220 determihes^fste^ 
404) whether the error fatd p is^below the thre^hold ^ ) 
If the error rate p* is below th^-mresholdTi^thfeiupltnk 
quality unit 220 increments (step 40i5) the varidbie^ by 
r, provided the value of the viariabre U does hbt-^cbeed 
the' ma^dmumTiumber of cpttmis^tibn schemes/ In this 
case/five. The basie^statioh 102 then broadcasts (sfep 
408) : the updated value of the variable" U td ; the rnotile 
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terminal 108, ,and thejrther mobile terminals 112. 
[0042] If the error, rate p is riot below the tfireshold 
the uplink quality -unit 220 determines, (step 410}/ 
whether the errpr rate p is above the lower threshold J, 2 - 
If the error rat3,p is<abeve the threshold T 2 . the uplink s 
quality unit 22Q decrements ; {step 412) tr$e value pf ihe :j 
variable JU by- ; 1 H prqvided it does not fall below the mini-, 
mum nymbentof -optimisation schemes.- The base sta^ 
tion 108 then broadcasts (step 408),the updated value, 
of the variable U. If the, error rate p is not above the? w> 
threshold T^, ^the : base; station 108 broadcasts (step' 
408) the current, unaltered* value of. the variable U r . 
[0043] The. base Ration , 102 then> implements (step" 
414) the optimisation scheme selepted-in the-fpllowyig < 
manneri The base station 1Q2- awaits reception .pf^an is 
acknowledgement from th\e mobile terminal 1p8 th^t t^e , 
value of the variable Uhas been received, if the valye,o^ 
the. variable 4J rj^s been changed. X n $ se ' ec t' on unit- 
222- th en .selepts on e,. of the, f in?t , . second , th i rd , fourth - or^, 
fifth optimisation s<^ieme : ^ccprding to the value of tfye 20 
variable U. The derivation, unit 224, based upon the opti- 
misation scheme S v , ,jS 2 , S3, S4, S 5 - selected .by the 
selection unit 222, derives; weight < and. <iel ay values %o 
be used, by ithe first, second (and weight and delay 
networks, 256, 258 v . 260. The. weight and delay r yalue$ 25. 
derived are transferred to r .the; first, ^second angl N? h 
weight and delay network, 256. 258, 260 fqr r implemen- 
tation.;, < , ■ : ■• >-^- : , . v, • ; _ : - - ? * 

[0044] The .uplink quality unit 2£0rther> repeats the 
above- procedure so that the capacity pf the juiplink band - ; 30 
of freguencies.fuiJs frequently, monitored.*^: . 
[0045] ; Referring, to FJG. 5, the r^objl^ terminal ,108 
receives (§tep SQ2) the ,ya(uevOf,th^ variable Uwhiprv 
has been broadcast (step 50&)-by .the base;station 102., 
Corresponding values of xariab^s^equvelentjto the yar- 35. 
istole; U pan^alsoube received from the other base; ?ta- 
tiens-1Q4. in an active set;. ;; - f - ; j /y , w . 7yL n ■ ■ ■ Li 
[0046] : , Uppn receipt qf the value of the value ot the, 
variable M.rthe speed ( of 4he : mobile germinal.. 102 js. 
determined according to any technique known in the 40, 
art. The mobile terminal 1 Q8 then determines (step 504). 
whether the mobile ^rrninal ,108-Js travelling at high 
speed, for example 50 kphulf tfte mobile terminal js trav- 
elling at. high speed, Jhe rnotyle terminal 108 selects 
(step 506)- the f irst pptirmsat ipn, schem e S 1 , i.e. th e ppti- 45 
misatjo^schesrne requiring the^least, capacity^ on the 
uplink band of frequencies Jul. by setting a variable U k 
tpsthe safne.xalue as* the .variable, U, where k ^entities 
the* mobile; terminal 108. t? -; ^ ' >•*•• 

[0047] The mobile terminal 108 tfien informs- (step so. 
5"t2) : thebase, station 102 (inducing, the other base sta- 
tions fkl 2* tne^actiye, set) qf rthe/value, of ,the variabl e 
Wfr ;'f itb^ value of the variable,U k set by the mobile ter- 
minal J08< .differs from the -value of the variable U 
received from the base station 102. The mobile terminal ss 
108 4hea T implements (step , 51 6). . the optiniisation 
scheme corresponding to the value p^e.yariaJ^le U.^ 
[PP48] - Although .reference, is .made tg the value of -the 



variable U received from i. the. base t statipn ?c 102, the 
actions .described above apply eqLtal(y ilnjela^oato.the/ 
other, base stations 1.1 2 Jn ^e actiye^set.f r y , t r 
[0049] In CDMA systems, a soft handover, mode Js 
possible. Tberefore J: if the mptpile. terminal -108 deter-: 
mines (ste^ 504). that the mobile, termipa!. ; 10^«is % not; 
travelling;at high-speed, the mobile terminal 108,deter- tV 
mines ^(step . 508),- whether the sott :handov§r v ^mpde js- 
enabled. If the soft handover mode is .envied, ^ the 
mobile.terminal- ,108 examines the. value of the; variable ■ 
U ; and : the;^ corresponding values of ^he .yariable^U 
receivedzfrpm the other base : st^tton$ 112 in the active \ 
set and sets the value of trj^ variable ,.U k tp the lovye.st of 
the^ values received. Th$ mobi I e.- terminal .108., therv 
intorms (step 51?) the base station lpp f (including the. 
other base stations i 12 in the^acSiye.seQ .of the value of 
the variable U, if the^ value c^^be. variably. U, set by Jhe 
mobile terminal 108 differs from the vaiue qf.the variable^ 
U received from the base station 1 02. The mobile termi- ■ 
naj 108, then- in^jements .(step 516), the pptimi&ation 
scheme corresponding to,the value of the varia^e,' U k . r - 
[0050] : ,lf the mdbiie terminal ; -108 determi nes (step 
508) that the sqftljandovar mp*de : is not enablectand if. 
the r value of<the variable Uk differs from the^ value of the : 
variable M rece '¥®^' frorn : the- ; ba^js^ station .Ip2 tv the^ 
mpbilp-terrr|ina! .lOS^et^Jstep 5;14) the ; value.of the yar- 5 
iable-W^ to .the valqe of the; variable IJ, received from the. 
base, station 102 and tr^smits|o the base^station 1 02 
^acknowledgement - f he rnpbile terminal ,108 then- 
implements (step 516) the optimisation scheme^corre- 
spqnding to the value of. the variable U k . . A v -r , . 
[0051] - Qnce the optiniisation scheme corresponding 
to the value .of-, the variable U.has been irnplernented 
(step 516), the mobile terminal 10? awaits receipt (step* 
502).of an^updated-valyepf.the.y^ • 
[0052] In a second, embodiment of the inventipn, a 
new mobile .terminal t14 can enter the coverage? area 
1p§ and can need tp communicate with the base station 

102 (FIG. 6). Periodically, the base station 102 gener- 
ates and updates (step .600) statistics relating to the 
average ( assigned bit rate on, the downlink band of , fre- 
quencies fob fo r eac *? -rnpbile terminal jn communication, 
with the base station. 102 as a function of the bit rate* 
(requested by the;mobi)e terminal 1 08. or ; the ngtw.ork in> 
w 4 jiich the system 100 , operates) and the most .common* 
of ; the. first, second, third, fourth r and fifthjpptimisation 
schemes Si,,S2, S 3 , t JS^. S 5 assign^ to mobi Iq germinal 

103 and the other m^ile.ter } m^inais 1 12 jn, communica- 
tion with the base station 102 for a.givgn r.equest^Vbit 
rate. ^ ; r :r - . , -. ^^^-^ . * 
[0053] The uplink error rate p is measured (step 602) 
by the uplink quality unit 220., Thel^ase station 102 gjen 
determines (step* ; 604) . whether th^re are .any n^, 
mobile terminaj l l^^whidi need to communicate with 
the base station 1o£ If the nevy ,mpbile terminal.^lfi 
needs to register, the base station 102 executes (step 
700) the new user.set up procedure described hereinaf- 
ter. If the new mobile terminal 1 1 4 does, not need tc ; b$ 
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set 'up/^e;;i3^se^afio^ 102 execUfes'^st^'sbp] an 
adjustment prb^^ " . ' '"[ 

[0054] Referring to FIG. 7, the execution (step 700) of 
the. new user, set up procedure entails the following 
stejbs. The uplink quality unit 220 deter hi;ineS"(6tep 702) 
whether 'ihe error rate p is greater than tipper 
threshold f 2 \ if the £rror rate* p is "not greater than the 
upper threshold T 2 , the selection unit 222 sets (step 
704) the value of 'the variable U k , indic4feng'$te optimi- 
sation scheme to be employed by tjie hew mpbii'S 'termi- 
ni TT^^arid the assigned bit fate for th^ 'n^w "mobile 
terminal 114. ' ' " ' 
[0055] Ihthe event that the soft 'handover mode is 
enabled, the selection unit 222 assigns the value of the 
variable corresponding to the new mobile terminal 
114, id "T"; this indicates that the hew mdbile' terminal 
11 4' will use the first optimisation scheme S-j requiring 
the least capacity qh the uplink band of frequencies f ui_. 
If the new mobile terminal 114 is moving at a low speed 
and the soft handover mode is hot enabled, si bit rate on 
the downlink band of frequencies f DL is assigned to the 
new mobile terminal 1 1 14 according to the statistics gen; 
jerated in order to ensure that the bit rate a^sign^d to th£ 
new mobile terminal 1 14' is cx>mparable ; with rfiobile ter- 
minals having similar bit rate demands and the new 
mobile terminal" 1 1 4 is assigned th ; § same bptiinisation 
scheme as is being us^ and 
the other mobile terminals 1 1 2. If the new mobilW termi- 
nal 1 14 is travelling at high speed and the .soft : handover 
mode is not enabled, 'a bit rate is "assign ed to the hew 
mobil^ terminai 114 In thb~ sarne way as 'for thfc low 
speed mobile term and the varia- 

ble of the new mobile Jermihal ; i14 is assighed the 
value "T" corresponding to the first optimisation scheme 
S-i which requires the least capacity on the uplink band 
of frequencies f UL . * 
[0056] If the value of the error rate p is greater than the 
upper thYeshoid T 2 , the base>tatibn 102 assigns (step 
706) the Value of the variable U k corresponding to the 
new mobile terminal to "1", indicating that the new 
mobile terminal 114 will use the first optimisation 
scheme S-j requiring the least" <^actty/ oh , the uplink 
,band of frequehcies^uL and a bit rate is assigned to the 
^ew mobile terminal 114 fn the same way as for the low 
Speed mobile terminals de^ ' 
[0057] ^ deferring to FIG. Q, 'ihe execdt?6n (step 800) of 
the adjustment procedure is as fbilows. ' " 1 
[0058] The base statipn 102 determines (step 802) 
whether the errofrate p is less than the upper threshold 
Ti ■ If th^ error rate p is less than the upper threshold T-, , 
r the base station 102 identifies (step 80'4) a user set. The 
user set comprises all mobile terminals registered with 
the base station 102 whfcn are travelling at low speed, 
do not have soft handover mode enabled and which are 
requesting a higher capacity on the downlink band of 
frequencies f DL . The base station then selects (step 
806) M-( mobile terminals from the user set which are 
using either the first, second, third or fourth optimisation 



schemes S 1( S 2 , 83,. S 4 . The base statiorr 102 then 
assigns the next highest optimisation' scheme, i.e. the 
optimisation scheme requiring the next'higKest amount 
of capacity on' the uplink band "of frequencies f UL , for 

5 example the fifth optimisation scheme S5, to the M-| 
Selected mobile terminals. ' '* - : - : ' : 1 
[0059]" For all bf the mobile terminals registered with 
the base ^station 102, the base statibhMb^ &mmuni- 
cates (step 808) the changes to thb Values or the varia- 

10 ble *U k of; thW corresponding ''rVibbile^ terminals. 
Additionally/the Base station 102 adjusts the capacity of 
the control channels of the uplink band' of frequencies 
f UL» enables the optimisation schemes assigned to the 
selected mobile terminal's and adjusts the data rates on 

15 the downlink band of frequencies f DL . 

[0060} If the error rate p is not less than th& tipper 
threshold Tj', the base 'stationr 102 deterrriines (step 
810) whether the error rate p is greater than the lower 
threshold T 2 . if the^error fate p is greater thah the lower 

20 threshold T2, the base station 1 02 se!66ts (step 81 2) M 2 
mobile terminals which are employing an optimisation 
scheme other that the first optimisation scheme S-| . The 
base station i 02 reduces that Value of the variable U k 
fpr the M 2 mobile terminals by one so that the selected 

25 mobile terminals are assigned thfe next lowest optimisa- 
tion scheme. This procedure bccurs When there is insuf- 
ficient capacity on the uplink band of frequencies fy L .- 
[0661] For ail of the mobile terminals registered with 
the^base station 102, thfe" base station f02 A c6rn'rnuni- 

30 c^ies (step 808) the changes to the altered values of the 
variable U K ? Additionally, the base station 102 adjusts 
the capacity of the control channeis of the Uplink band of 
frequencies * fuL, 'enables the optimisation^ 'schemes 
assigned to the selected mobile terminals and adjusts 

35 the data rates op the downlink band of frequencies f DL . 
This step (step 808) is also executed in the event that 
the error rate p is hot greater than the Ibw4r threshold 

[0062] From the above described examples, it dan be 
40 seen that use of capacity on the uplink barici of frequen- 
cies Jul can be used sfend feedback -data 1 to improve, 
and therefore increase capacity of, communications on 
the down! ink bahd of frequencies f ql- " ] x s 1 * 
[0063] Although the above exarnpies have been 
45 described in the context of usirig capacity available on 
the uplink band of frequencies fjL ' n order to accommo- 
date ah increase in tthW demand 6h theidowhlihk band 6f 
frequencies f pL, a cor^iers'e'Wraihg^meht i£ pdsisible, 
i.e. using capacity available on the downlink band of fre- 
50 quencies f DL in order to^ accommodate an increase in 
the demand oh the uplink band of frequencies fyj. b 

Claims '/ v r ' i0 : " ^ 



"55 1. A rhethdd of ijhprbvihg capacity iri la 'cJL^Iexing 
[ ' scheme, 1 the duplexing scheme having k f irst band 
" J df frequencies and a second band of fr^jtrencies, 
the methtid comprising i ttie steps of: ^ ^ ^ 
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delerminin&an amount of available capacity on 
M . ' the .f irst band of frequencies, . r - c * 0 
... ; transmitting, on thejirst band of; frequencies, a 
variable amount of feedback^data correspond- 
ing to the amount of available capacity on the 
first "band of frequencies, the feedback-, data 

..cqrnprising ( data for improving the. quality pf 

. t \ [ , r communic^lions on £he second band .of fr^ 
., \,quencie.s ( and. ~ , c . ; 

.optimising transmissions, on th£ second band 
of frj^uenqes using, when, available, the'feed- 
*. back data* , ' \ t ' , ?r . / 

2. A.metriod as claimed in Claim iVfurthercomprjsihg 
selecting a first optimisation scheme having an 
associated first quantity of feedback data~after 

, % determining, the amount of available capacity on ^ the; 

/ first band, of frequencies, the selection of the first 
~l optimisationscheitie being based^uppn the amount. 
* of capacity .avajlabie, on the first .band of frequjen- 

^ cies, :r ~ . \ .. .i ",. ..^ ' . t ' 

3. Aimethod as clajm^ ip Claim 2, wherein the first 
.optimisation, scheme i^ selected from a set of at 
. I east,two optimisati on schemes having! c»r respond- 

, -ing, quantities of feedback jdata. . > t . ,\ . . 

4. ^ A rrjethdd as claimed in piaim 3i, wherein, the fe^d-i 
^ back.daita associated with the Jirs^^tiroisatior; 
r " scrjem^ selected froma set of .at least ^yp, optimi^at- 

\ , tion schemes is the smallest quantity of feedback 
_ \ data of, the quantifies of . feedback data, tKerefey 
. s .using the smallest amount of .capacity, of the first 
band of frequences. v . ?- " xr J< :> '/^ ' /f " ^ ? . 
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A method ^s claimed in -Claim 4 f wherein a seeped 
pptimisatjon scheme is selected, to ceplaipe trig f irst 
optimisation scheme, wherein the capacity cor> 
. sumed pn.tlie first band of frequencies by thefirst 
, optimisation scheme ijs greater than the capacity 
,£onsumecl by the second optimisation scheme.., ..." 

X" method as claimed in Claim 5* wherein ( the„sec- 
pnti optimisation scheme is a jingle increment 
Vwayirom^the first optimisation spheme t . , f t ; ." ; .*. . 

.».v ,r::S N u v ■ *";: r r r *,c : - •:: z ' : 
A .method .as. v cl airbed, in,, Claim ^1 .wherein the 

\ ^mquqt pf[ay^ilable f capac]^ : on the first band of fr%- 

qiiBncie&js j^ti^ rfites. 

A rrjethod ^laii7i<Bcl r in,C|^irp ^2.. f urtjiesr" comprising 
providing a terminal in communication with a first 
fixed terminal and a second fixed terminal, tfte first 
and second fixed terminals communicating with the 
^terminal on ^ giyen resp^cjivejrequency channel in 
i ^the 1 f.ir > ^ ; baod.6f fr^'uenpjes, wherein the arrtount of 
. c^acrty r ay^ilable : Js d^errr^ned-fbr each ',qf the 
' given respective * r e- 
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guency channel having the least amourjt^of availa- 
ble "capacity is selected^a^tWe basi^jpr. sefecting 
the first optimisation scherfle..; * . 

9. / A, method, as claimed in Ciaim^rwher^jn'.the first 
^optimisation schem§ selected, is selecjed t^sed 
!f '! upon the/speedlof an associated suBscriber. . 

ipl" A^rriMh in Claim 1; wherein when the 

I rai^un^/sivalahle capacity bn't^e first' Bancl of fr,e r 
/queng^sjs insufficient^ to permit 'tran^m^siph of the 
feedback' data, the selected first optimisation 
Scheme does not require the . transmission of .'any 
' ^feedback data. V V . . . [.'.. ^ - ' 

11 /A method as claimed in any'p'ne^^he^prepeding 
^ claims, wherein upon registration of ji.new s^ub- 
" sp'riber, tHe optimisation scheme sele^eb^ for the 
\ new r sufecriber has . a comparable amount^pf fe^d; 
.back data iassociated fherewjth to fisting subscrib: 
, : "ers on)he cell. ' \ f * ".. "^ z ~ ^ . t . 

12. An apparatus for improving capacity in a duplexing 
^heme^the duplexing ^heme having afmst.tend 
.of frequencies and a second ( b'ancl of frequencies; 
/ ,'comprisi ng; means' for determining an ^amount _ of 
available capacity pn the first band of frequencies, 
1 * % m^n$ fc|r ifansratting, ,.'on the first band of frequen- 
. } [\ ] ; cies, ^ a variable amount of " ( f eedback ^data corre- 
sppnding ^ tp the amounf of available capacity on the 
first band of frequencies^ the feedback' data pom 1 
prising data fpr improving.the quality of communica- 
tions on th^ $econd^ band of frequencies, . a^rid 
means ; jfor optimising Jransmissions on the second 
. . band bf frequencies using,' when available,..!, the 
"feedback data. * ! * ■ " ' ^.* . : . 

1^3i A methcxJ of pptiimising transmit diversity' in .'an 
" \ antenna grray, the antenna. .-array comprising a plu- 
rality of antenna^, the method comprising : " ' 

selecting a predetermined number of antenna^ 
J. from the plurality of antennas, and _ ^ _ ; 
\ . setting th e phase pf each of the pr ed et er mi ned 
humbfer of antennas in . response, to iFee^iback 
data received from* la terminal \arrangeci. 'to 
receive transmissions from the antenna array. 

A methcxl as plaimed in Claim IS; further compris- 
ing setting Jhe gain of each of trje pr ecjetermined 
number of antennas in response! to feedback, data 
received from a terminal arranged to receivei'trans- 
missions from the.antenna array. 
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